Japanese medical expenditures have increased rapidly in recent years and are predicted to continue rising. Indeed, it remains uncertain whether the current Japanese medical system can be sustained. In this paper, we analyzed the medical expenditures for educational hospitalization of patients with type 2 diabetes. A dataset of 6173 patients from 36 hospitals was used in the analysis. The sample period was from July 2008 to March 2012. We analyzed the medical expenditures in two ways. First, we analyzed the length of hospital stay (LOS). Next, we analyzed the daily expenditure per patient. The Box-Cox transformation model was used in the first analysis and the ordinary least squares method in the second. Comorbidities and complications prolonged LOS and increased daily expenditures. The LOS was significantly different among hospitals. On the other hand, the differences in daily expenditures among hospitals were relatively small, such that LOS was the main determinant of medical expenditures. Previous studies suggested that LOS could be shortened without degradation of medical quality. Moreover, LOS could be controlled by introducing proper critical paths and improving and standardizing educational programs. Hence, it would be possible to control the medical expenditures for this disease.
. Japanese medical expenditures [1] . . Moreover, monthly limits have been set for patients 70 or older: 12 thousand yen for outpatient services and 44.4 thousand yen for overall medical payments. As a result, the public expenditures and the total cost of health insurance premiums have reached 15 .146 trillion and 19.120 trillion yen [1] , respectively. Direct payments by patients accounted for only 4.619 trillion yen or 11.9% of total medical expenditures in FY 2012. Hence the financial sustainability of the system is now a very serious question.
One of the best answers for the financial problem is to treat patients more efficiently and control expenditures without degradation of treatments. Longer length of hospital stay (LOS) is one of the most prominent characteristics of the Japanese medical system. According to the Organisation for Economic Cooperation and Development (OECD) [14] , the average lengths of stay (ALOS) for all causes in 2011 were 5.8 days in Australia, 7.4 days in Canada, 5.6 days in France, 9.3 days in Germany, 7.7 days in Italy, 7 days in the United Kingdom, and 4.8 days in the United States (the US figure was for 2010). In Japan, however, the ALOS of hospitals was 32.0 days for all beds and 17.9 days for general beds [15] ; clearly these durations were much longer than those of other major countries, which affected medical expenditures. Hence it might be possible to control the medical expenditures by reducing LOS.
Diabetes has become a very important disease both in medical and economic terms. The Japanese medical expenditure on diabetes in 2012 was 1209 billion yen [1] ; diabetes was thus the third-most costly disease, after malignant tumor (cancer, 3327 billion yen) and renal insufficiency (1490 billion yen). The American Diabetes Association (ADA) estimated the total cost of diagnosed diabetes was estimated at $245 billion in 2012 in the United States [16] . (The ADA [17] also reported various statistics of diabetes in the United States.) According to the OECD [18] , the annual cost of diabetes prevention and treatment is approximately 90 billion euro in Europe alone. The International Diabetes Federation (IDF) [19] reported that the number of people with diabetes was 387 million in 2014, or 8.3% of the world population, and was expected to increase by 205 million in 2035. By regions, the numbers were 52 million in Europe, 37 million in the Middle East and North Africa, 25 million in North America and the Caribbean, 75 million in South-East Asia, and 128 million in the Western Pacific. The IDF also estimated costs per patient with diabetes as follows: $7.931 in Australia; $6741 in Canada; $5600 in France; $4944 in Germany; $4908 in Japan; $4666 in Italy; $4466 in the United Kingdom; and $10,902 in the United Sates. In Japan, the potential population with diabetes age 20 or over was estimated as 16.2% and 9.2% of the male and female population in 2013 [20] .
Among all diabetes cases, 90% or more are type 2 diabetes [21] . Although insulin is not produced in type 1 diabetes, the body does not use insulin properly in type 2 diabetes. The pancreas makes extra insulin at first, but it will eventually be unable to make enough insulin to keep the blood glucose levels normal. When glucose builds up in the blood, it can cause 1) cells may be starved for energy immediately, and ii) high blood glucose levels may hurt eyes, kidneys, nerves or hearts in a long time. Treatments of type 2 diabetes are lifestyle improvements, oral pills and insulin injections [22] . The AEA stated that "Stay at a healthy weight, eat well and be active. With these steps, you can stay healthier longer and lower your risk of diabetes" [23] , and the risk of type 2 diabetes can be controlled and reduced.
In this paper, we analyze the medical expenditures applied to educational programs for improving the lifestyles of type 2 diabetes patients through dietetic treatments and kinesitherapy rather than direct medical treatments. Accordingly, the IDF has stated that "As the world prevalence of diabetes increases, efforts to promote diabetes self-management education are critical to reducing the human and economic burden of diabetes" [24] . For details of patient education, see ADA [25] and Diabetes UK [26] . However, despite the stated importance of diabetes education, there remains little awareness of this aspect of disease management. Mehrotra and Kim [27] have suggested that more money should be allocated to states to promote diabetes education, while Nelson et al. [28] demonstrated that rates of diabetes education were depended on insurance type in the United States.
Although the proper education for diabetes patients is very important, it must be done efficiently. In our dataset, 27.2% of total patients received educational hospitalization, and the medical expenditures of these patients accounted for 21.3% of total expenditures on diabetes. Hence improving educational hospitalization could have a significant impact on Japanese medical expenditures. Since the purpose of educational hospitalization is not to perform medical treatments, it is reasonable to consider that the educational programs could be standardized and the ALOS could be made similar among hospitals. Hospitals with larger ALOS would be able to reduce their LOS by modifying their clinical path and programs. Nawata and Kawabuchi [29] studied LOS for educational hospitalization for type 2 diabetes patients. They found that the ALOS of some hospitals was unreasonably long even after eliminating the influence of patient characteristics. However, their study had some important limitations. First, the sample period of July to December 2008 was relatively old, and the sample size was only 991 patients. Second, medical expenditures were not analyzed. Finally, the effects of PDC/PDPS 2 , the Japanese medical payment system that is revised every second year, could not be evaluated.
In this paper, we sought to overcome these limitations of the previous study. We used a dataset obtained from July 2008 to March 2012 that included 6173 type 2 diabetes patients without secondary diseases (DPC code 10070xxxxx0x) from 36 hospitals. We investigated the possibility of controlling medical expenditures without degrading the quality of medical treatments. Since the DPC/PDPS was revised in April 2010, the effect of the revision was also analyzed. All participating hospitals had at least 10 qualifying patients before and after the 2010 revision.
Data and Changes in Hospital Payments after the 2010 DPC/PDPS Revision

Data
The data used in this study were collected by the Department of Health Care Economics at the Tokyo Medical and Dental University from 103 hospitals. For details of the data, see Nawata and Kawabuchi [29] . The original dataset included 27,861 patients with an ALOS of 17.9 days. The data of medical expenditures for 206 were not available. The total and average medical expenditures were 13,401 million yen and 484,858 yen, respectively. Among these patients, 7854 were undergoing educational hospitalization with an ALOS of 14.0 days, and their total and average expenditures were 2861 million yen and 377,735 yen, respectively. The number of type 2 diabetes patients was 22,564. In our analysis, we considered LOS and medical expenditures only for educational hospitalization of type 2 diabetic patients whose DPC code was 100070xxxxxx0x. As in the previous study, we excluded data for patients treated in clinical departments that did not specialize in diabetes and data for patients whose principal diseases were not diabetes.
We also evaluated the effects of the DPC/PDPS revision in April 2010, and we used the data of 6173 patients who were not missing any values for the explanatory variables from 36 hospitals (Hp1-36) which had at least qualifying 10 patients both before and after the April 2010 revision. The medical expenditures were analyzed in two ways. First, the LOS was analyzed, and then the daily medical expenditure per patient (hereafter, daily expenditure) was analyzed. The LOS by hospital is shown in Table 1 . The ALOS was 13.7 days for all patients. The minimum ALOS was 5.7 days (Hp17) and the maximum was 27.1 days (Hp3). The difference was 21.4 days and the maximum was 4.7 times as large as the minimum, indicating surprisingly large differences among hospitals. In the analysis of medical expenditures, we used data from 6162 patients after excluding the data of 11 patients due to an absence of medical expenditure data (n = 5), daily expenditures that were too low (below 10,000 yen per day; n = 5), or daily expenditures that were unreasonably high compared to the LOS (n = 1; the injections cost as much as 1.5 million yen for this patient). The average medical expenditure per patient for all patients was 370,336 yen. The minimum was 164,351 yen and maximum was 665,226 yen; the difference was over 500,000 yen and the maximum was 4 times as large as minimum. As with the ALOS, there were large differences among hospitals.
Changes in Hospital Payments after the 2010 DPC/PDPS Revision
The DPC/PDPS has been revised every second year since 2004. During the sample period, the revision was done in April 2010. Before the revision (hereafter, first period), the per diem payment to hospitals determined by the DPC/PDPS was 2547 points for 1 -7 days, 1924 points for 8 -15 days, and 1635 points for 16 -29 days. After the revision (hereafter, second period), it became 2480 points for 1 -7 days, 1787 points for 8 -15 days, and 1519 points for 16 -29 days. Note that the hospitals are paid 10 yen for each point. The specific hospitalization period was 29 days for this DPC code and after 29 days, the payments reverted to the conventional pay-for-service system. The reductions per diem payments were 1.5% in the first 7 days but about 7% after that.
Analyses of LOS and Daily Expenditure
In this section, we analyze the medical expenditure. Two types of analyses were performed. First, the LOS was analyzed, and then the daily expenditure. Figure 3 shows the distribution of LOS of patients. The distribution shows a heavy tail on the right side, and thus we considered that the ordinary least squares (OLS) method might not suitable for analyzing this dataset. Therefore, as in the previous study [29] , we used the Box-Cox transformation (BC) model [30] given as ( )
Analysis of LOS
where t y is LOS, λ is the transformation parameter, and t x and β are the k-th dimensional vectors of the explanatory variables and coefficients, respectively. The variables used as explanatory variables are given in Table 2 . Female and Age dummies expressed the basic patient characteristics. The base of the age dummies was is generally used. However, two assumptions are necessary to use the BC MLE: 1) the assumption of "small σ " [31] and 2) the assumption of homoscedasticity of error terms. For the tests of these assumptions, two estimators proposed by Nawata [32] 
respectively, and both of them are accepted at a significance level of 5%; this indicates that the BC MLE can be used in the analysis. The variances were calculated by the formulas obtained by Nawata and Kawabuchi [29] . Unlike in the previous study, the exact asymptotic variances were estimated in the second test. The variances were calculated by the matrix language of EViews 7.
The results of the BC MLE are shown in Table 3 . The t-values of Comorbidities and Complications were positive and very large; they were significant at the 1% level, indicating that comorbidities and complications made LOS longer, as in the previous study. The dummies for Acute Hospitalization and Another Hospital were positive and significant at the 1% and 5% level; however, those for Own Outpatient and Discharged Place were not significant at the 5% level. The former two variables prolonged LOS but the latter two variables did not. The Day 8 and Day 30 dummies were significant at the 1% level. This indicates that one-week hospitalization and the specific hospitalization period affected the discharge decisions of hospitals. The estimate of the Second Period dummy was negative and significant at the 5% level, indicating that the 2010 revision reduced LOS. As for the ICD-10 dummies, E11.2, E11.4, and E11.7 were positive and significant at both the 5% and 1% levels. It is concluded that ophthalmic, neurological complications and multiple complications prolonged LOS but not other types of complications. For the hospital dummies, the maximum estimate was 7.050 for Hp3, the minimum was 2.426 for Hp17 and the difference was 4.624; the influences was surprisingly larger than the effects of other variables. The correlation coefficient between ALOS and estimates of the hospital dummies was 0.922, and an almost linear relationship existed between these two variables. In other words, LOS was mainly determined by hospitals and patient characteristics and types of principle diseases had minor influences.
Analysis of Daily Expenditure
The results of the previous section showed that there were surprisingly large differences in ALOS among hospitals. In this section, we analyzed the distribution of daily expenditures for our patients. Figure 4 shows the distribution of daily expenditures. Since the distribution did not exhibit any heavy tails, the OLS method was used in the analysis. The daily expenditure t d was analyzed by the regression model as follows: Before the specific hospitalization period, the daily payment to hospitals per patient gradually declined as the LOS became longer. However, the payment did not decrease after the specific hospitalization period. Therefore, Day 30 and Day 30 * (LOS-29) were added as explanatory variables. The other explanatory variables were the same as in the previous case. The results of the estimation are given in Table 4 .
The estimate of LOS was negative and significant at the 1% level; this was consistent with the DPC/PDPS, which stipulates that the daily payment decreases up to the specific hospitalization period. The effects of Gender and Age dummies were not significant and the effects of these variables were not admitted. Estimates of Comorbidities, Complications and Acute Hospitalization were positive and significant at the 1% level. The effect of Acute Hospitalization (2022 yen) was considered a particularly important factor. The estimate of Another Hospital dummy was not significant at the 5% level but the estimates for the dummies of Own Outpatient and Discharged Place were negative and significant at the 5% and 1% level. Estimates of Day 30 and Day 30 * (LOS-29) were positive and significant at the 1% level. The coefficient of LOS after the specific sample period is the sum of estimates of LOS and Day 30 * (LOS-29) and it became just −30 yen. This means the hospital's income did not decrease if the LOS exceeded the specific hospitalization period. The Second Period dummy was negative and significant at the 1% the level and it is concluded that the 2010 revision reduced the daily expenditure by 1585 yen. The maximum and minimum estimates of the hospital dummies were 35,512 (Hp6) and 31,836 (Hp25). 
Discussion
The OECD [18] states that "With health budgets already under great pressure and national budgets severely strained… we must find ways to prevent and manage diabetes in a cost-effective manner." In keeping with this statement, we believe that the efficiency of medical treatments must be considered as a possible means of con-trolling medical expenditures in future Japanese medical policies. Since the BC model involves a non-linear transformation, we calculated ALOS in the first and second periods for a 60-year-old male patient who had three comorbidities and a single complications, was a normal (not acute hospitalization) outpatient without introduction from another hospital, returned home, and had an ICD-10 classification of E11.9 by hospitals. The results are given in Table 5 . The maximum and minimum of ALOS were 20.3 (Hp3) and 6.6 (Hp17) days in the first period, and 20.2 days and 6.6 days in the second period. The difference was nearly 14 days and the maximum was 3.1 times as large as the minimum in both periods. This indicates that even after eliminating the influences of the patient characteristics and principle diseases, there were surprisingly large differences among hospitals.
On the other hand, the largest difference in daily average expenditures among hospitals was 3676 yen or 13% of the average daily expenditure of all patients (27,971 yen); this value was much smaller than that of ALOS. Unlike Sato and Fushimi [34] , we found that large differences of medical expenditures per patient were mainly caused by the LOS. Moreover, although the 2010 revision reduced daily expenditure by 5.7%, the ALOS was shortened by less than 0.1 day or 1% of ALOS in most hospitals. In other words, the 2010 revision had a considerably large effect on the daily expenditure but a very small effect on ALOS, unlike in the United States [35] . The large differences of ALOS are accepted only if a long LOS will sufficiently improve the conditions of patients. However, Nagashima et al. [36] reported that there were no differences in the effects of educational hospitalization between four-day (three-night) and two-week stays. Yamamoto, Takeuchi and Ichikawa [37] reported that 1) the ALOS was shortened from 25.2 days to 14.6 days, 2) cooperation among medical staff became easier, and iii) the scores of comprehensive tests were improved by the introduction of a critical path and standardization of educational programs. Kobori et al. [38] reported that ALOS was shortened from 14 days to 10 days by changing from a paper-based to a computerized critical path with similar outcomes. Tsurumi [39] reported that introduction of a critical path and standardization of treatments made cooperation among medical staff easier and improved understanding of diabetes and fasting therapy blood sugar tests. No studies showed benefits of long (such as two weeks or more) LOS in educational hospitalization. As mentioned earlier, the major goal of this study was to evaluate whether we can possibly control medical expenditures without degrading the quality of medical treatments. In the case of this disease, the answer seems to be yes: medical expenditures for educational hospitalization could be reduced significantly by reducing LOS without degrading the effects of hospitalization. The total medical expenditures for diabetes hospitalization in Japan were 320 billion yen in FY 2012 [1] . Our dataset shows that 21% of these expenditures went to educational hospitalization, and the analysis revealed that the medical expenditures for educational hospitalization were mainly determined by the LOS. Therefore, if we could reduce the ALOS by half (from 14 to 7 days), we would be able to reduce the medical expenditures by more than 30 billion yen. For that purpose, 1) introduction of critical path, and 2) improvement and standardization of educational programs including accountability and quality of trainers [40] are important, especially for hospitals with a long ALOS. The patient-centered diabetes care and education currently practiced in the United Kingdom [41] [42] might be a good example of such modifications. Reducing ALOS (and improving educational programs) can also benefit patients. A shorter ALOS reduces costs of hospitalization (including opportunity costs) for patients, and more (potential) patients can join educational programs if costs are reduced. As pointed out earlier, the risk of type 2 diabetes can be controlled through lifestyle improvements. Incentives to improve the efficiency of hospitals must be considered in the future revision of the medical payment system.
Conclusions
In this paper, we analyzed the LOS and daily medical expenditures using the data of 6173 patients at 36 hospitals In addition to the numbers of comorbidities and complications, the variables that affected the LOS were Acute Hospitalization, Another Hospital, Day 8, Day 30, and Second Period, (IDC-10) E11.2, E11.4, E11.6 and E11.7 dummies. Although the 2010 revision reduced the LOS, its effect was rather small-less than 0.1 day or 1% of ALOS in most hospitals. We found that there were very large differences in ALOS among hospitals even after eliminating the influences of the patient characteristics and principle diseases.
We then analyzed the daily expenditures. The estimate of LOS was negative and significant and daily expenditure declined with increasing LOS before the end of the specific hospitalization period. The numbers of comorbidities and complications also affected the daily expenditures. Other variables affecting the daily expenditures were Acute Hospitalization, Own Outpatient, Discharged Place, Day 30, Second Period, E11.6 and E11.7 dummies. The estimate of (Day 30 -29) * LOS was positive and the daily expenditures did not decrease after the specific hospitalization period. The daily expenditure decreased by 5.7% after the 2010 revision and it was much larger than that of the ALOS.
The medical expenditures for educational hospitalization of patients with diabetes were heavily dependent on ALOS. Therefore, to control medical expenditures, it will be necessary to reduce ALOS. This could be done by introducing a critical path, and by improving and standardizing educational programs, especially in hospitals with long ALOS. By taking these steps, it might be possible to reduce the medical expenditures for educational hospitalization significantly without any degradation to the effects of hospitalization. For the Japanese medical payment system, incentives to hospitals to improve their efficiencies (reducing costs without degrading the quality of medication) are very important. However, desirable incentives specific to various diseases have not been determined. These are subjects to be studied in the future.
